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(57)Abstract: 

PURPOSE: To provide the optical waveguide with which 
the accuracy of alignment is made less severe and 
further, low-loss connection is possible by increasing the 
spot size of light in the input/output part of an optical 
waveguide in connection of the optical waveguide and 
optical devices. 

CONSTITUTION: Optical fibers 2 which are expanded in 
cores 6 are used. The cores 3 in an optical waveguide 
substrate 1 are also so formed that the cores are larger 
toward the input/output end face 9 of the optical 
waveguide. As a result, the respective spot sizes of the 
light of the optical fibers and the optical waveguide are 
enlarged. The loss by the mispositioning of the expanding 
parts 7 of the optical fibers and the expanding parts 4 of 
the cores of the optical waveguide is smaller than in the 
case the spot sizes are not expanded. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Optical waveguide characterized by expanding a core in the I/O section of said optical 
waveguide, and for propagation light having spot size expanded, and being outputted and inputted in the 
optical waveguide by which alignment formation of two or more cores which light spreads was carried 
out at the optical waveguide substrate. 

[Claim 2] Optical waveguide characterized by having formed 1 or two or more cores for association 
with the cross section larger than this core for propagation, and a small refractive index linked to the 
edge of said core for propagation in the optical waveguide by which the core for propagation which 
spreads light was formed in the optical waveguide substrate, and making said core edge for association 
into the I/O section of optical waveguide. 

[Claim 3] For two or more cores which light spreads, said optical waveguide and optical fiber are a 
contact of optical waveguide and an optical fiber with which it is characterized by expanding [ in / on 
the contact of the optical waveguide and the optical fiber by which the optical waveguide by which 
alignment formation was carried out, and two or more optical fibers which aligned are connected to an 
optical waveguide substrate, and / a connection ] each core diameter, and for propagation light 
expanding spot size, and being outputted and inputted. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the optical waveguide for connecting optical I/O with 

an optical device. 

[0002] 

[Description of the Prior Art] Drawing 12 is what showed the connection structure of the conventional 
general optical waveguide and an optical fiber, and used the approach of comparing the core 3 of optical 
waveguide, and the core 6 of an optical fiber directly. 
[0003] 

[Problem(s) to be Solved by the Invention] However, when using the above-mentioned connection 
method, the spot size of the light of optical waveguide and an optical fiber is as small as about 10 
micrometers, and in order to make low loss connection, it needs highly precise alignment. Moreover, in 
connecting 2 or more sets of optical waveguides and optical fibers, it uses what aligned the optical fiber 
2 at a V groove substrate 13 like drawin g 13 . In order to make loss by connection small at this time, 
spacing of the core 6 of an optical fiber 2 and the core of optical waveguide other than the highly precise 
alignment described previously must not be made equal, and dispersion must not be in spacing further. 
Therefore, although what has a good precision is required, even if V groove 14 is difficult to produce 
and it can produce it in fact, it will become what has a high price. Moreover, dispersion arose at spacing 
of the core 6 of an optical fiber 2 further by the relief in the case of immobilization in V groove 14 of an 
optical fiber 2 etc., and connection loss was enlarged, and there were the degree of the said heart of the 
core 6 to the magnitude of the clad 8 of an optical fiber 2 or the appearance of a clad 8, its dispersion, 
and a trouble that dispersion in loss arose in the connection of each optical waveguide and optical fiber. 
[0004] In order that this invention may solve such a technical problem, in connection of optical 
waveguide and an optical device, by enlarging spot size of the light in the I/O section of optical 
waveguide, precision of alignment is made loose and it aims at offering the optical waveguide which can 
make still low loss connection. 
[0005] 

[Means for Solving the Problem] The 1st invention for attaining such a purpose is optical waveguide 
characterized by preparing the spot-size transducer which enlarges spot size of the light of said optical 
waveguide in the I/O section of the optical waveguide linked to an optical device. 
[0006] The 2nd invention is a connection method using the optical waveguide of the 1st invention in 
connection of the optical device linked to two or more optical waveguides and these optical waveguides. 

[0007] The 3rd invention is the optical waveguide of the 1st invention and the connection method of an 
optical fiber which are characterized by preparing the spot-size transducer which enlarges spot size of 
light in the I/O section of said optical fiber, using an optical fiber as an optical device. 
[0008] The 4th invention is optical waveguide characterized by the structure which prepared one or 
more cores for association which made the refractive index small more greatly [ so that the core for 
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propagation which makes light spread within optical waveguide may be touched / cross section / of a 
core ] than said core for propagation in the I/O section of the optical waveguide of the 1st invention. 
[0009] 

[Function] By enlarging spot size of the light in the I/O section of optical waveguide, this invention 
makes precision of alignment with an optical device loose, and becomes possible [ connecting 
dispersion in again loss of the optical device linked to two or more optical waveguides and those optical 
waveguides in low loss few ]. 
[0010] 

[Example] Drawing. 1 is the perspective view showing the 1st example of this invention, and drawin g 2 
is the perspective view of the core in the optical waveguide of the 1st example. Using what expanded the 
core 6, the optical fiber 2 is constituted so that a core may become large, as the core 3 in the optical 
waveguide substrate 1 also goes to the I/O end face 9 of optical waveguide. The limb 7 of the core of 
this optical fiber is diffused by heating from the outside the matter doped by the core 6, in order to raise 
a refractive index rather than a clad 8, it enlarges a core 6, and expands the spot size of the light of an 
optical fiber. On the other hand, the limb 4 of the core of optical waveguide is possible by carrying out 
thermal diffusion of the dope matter in a core 3 like an optical fiber. Moreover, although the flame 
depositing method is used as a method of producing optical waveguide in quartz system optical 
waveguide, by adjusting the injection quantity of the raw material particle of the quartz system which 
forms a core in that case, the configuration of a core can be changed in the thickness direction and the 
spot size of the light of optical waveguide can be expanded. The connection loss which does not almost 
have connection loss according [ become connectable, and ] to a location gap of the limb 7 of the core of 
an optical fiber and the limb 4 of the core of optical waveguide since spot size is still larger becomes 
small compared with the case where spot size is not expanded, by making spot size of each light of an 
optical fiber and optical waveguide into the same magnitude. 

[001 1] Drawing 3 is drawing having shown the connection loss over a location gap of the core of optical 
waveguide and an optical fiber. When spot size is expanded to 20 micrometers twice from 10 
micrometers, it is allowed to a twice as many location gap as this to a certain loss value. Moreover, 
connection loss will become smaller if it is the same amount of location gaps. 

[0012] Drawin g 4 is the perspective view of the core in the optical waveguide of the 2nd example of this 
invention, and drawing 5 is the vertical cross section of the 2nd example. They are the refractive index 
nO of a clad 5, and the refractive index nl of the core 10 for propagation so that the effective refractive 
index of the light which spreads the core 10 for propagation, and the effective refractive index of the 
light which spreads the core 1 1 for association may become equal, using the form of a directional 
coupler as structure of expanding spot size of the light of optical waveguide. It receives and is the 
refractive index n2 of the core 1 1 for association. It chooses. By it, it moves to the small core 10 for 
propagation of a core efficiently, and the light inputted into the large core 1 1 for association of a core in 
the bond length L determined in each refractive index, the magnitude of a core, and the distance between 
cores becomes it convertible [ spot size ]. 

[001 3] Drawing 6 is the perspective view of the core in the optical waveguide of the 3rd example of this 
invention, and drawing 7 is the sectional view where the vertical cross section and (b) are horizontal 
sectional views, and (a) of the 3rd example all included the core of the core 10 for propagation. The 
cross section of a core is a refractive index n2 more greatly than the core 10 for propagation in the form 
surrounding the core 10 for propagation which makes light spread in the I/O section of the light of 
optical waveguide. n0<n2 <nl It is a refractive index n3 so that the becoming core 1 1 for association 
may be formed and the core 1 1 for association may be surrounded further. nO <n3 <n2 The becoming 
core 12 for association is formed. Moreover, in the part with which the core 10 for propagation and the 
core 1 1 for association are in contact, the cross section of the core 1 1 for association has similarly the 
structure which becomes small gradually in the part with which it became gradually small as the cross 
section of the core 10 for propagation went to the I/O end face 9, and the core 1 1 for association and the 
core 12 for association are in contact. By using above refractive indexes and structures, the light inputted 
into the core 1 2 for association passes along the core 1 1 for association, making spot size of light small 
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gradually, and it moves from it to the core 10 for propagation. Consequently, spot size is [ loss ] 
convertible few. 

[0014] Drawing . 8 is the perspective view of the core in the optical waveguide of the 4th example of this 
invention. The core 1 1 for association is formed so that the core 10 for propagation may be surrounded 
like the 3rd example, but it is constituted so that the core of the core 10 for propagation and the core 1 1 
for association may be mostly in agreement. Thus, the light inputted into the core 1 1 for association is 
more movable to low loss at the core 10 for propagation by taking the structure of having symmetric 
property about a perpendicular direction horizontally similarly. 

[0015] Draw_ing_9 is the perspective view of the core in the optical waveguide of the 5th example of this 
invention. The core 1 1 for association consists of the 3rd and 4th example so that the top face of the core 
1 0 for propagation and a side face may be surrounded, but even if it uses the structure where the top face 
(or an inferior surface of tongue, a side face) of the core 10 for propagation and the inferior surface of 
tongue (or a top face, a side face) of the core 1 1 for association touch like the 5th example, spot-size 
conversion is possible. 

[0016] Drawing JO is the perspective view of the core in the optical waveguide of the 6th example of 
this invention, the [ 3rd ] - in the 4 5th example, although magnitude of the thickness direction of a core 
was made into uniform structure, as shown in drawing, the thickness of the core 10 for propagation may 
also be changed. For example, when producing quartz system optical waveguide by the flame depositing 
method, it becomes possible by adjusting the injection quantity of the raw material particle of the quartz 
system which forms a core. 

[001 7] Drawing 1 1 is the perspective view of the core in the optical waveguide of the 7th example of 
this invention. Refractive-index distribution of the cross section to the propagation direction of light 
changes continuously to the propagation direction by changing the configuration of the core 1 1 for 
association, as shown in drawing. Thereby, the effective refractive index of light also changes 
continuously and the reflection accompanying a discontinuous change of a refractive index stops being 
able to happen easily. 

[0018] Although the core 1 1 for association is illustrating only one in the above example [ 4th, 5th, 6th, 
and 7th ], two or more can also be made into a certain structure. Moreover, although the configuration is 
changing in the shape of a straight line with the structure where a core becomes small gradually, if it 
becomes small gradually, it can also consider as the structure of changing rounded. 
[0019] 

[Effect of the Invention] As explained above, in the I/O section of the optical waveguide linked to an 
optical device, by preparing the spot-size transducer which enlarges spot size of the light of optical 
waveguide, precision of the alignment of optical waveguide and an optical device is made loose, and it 
becomes possible to connect dispersion in again loss of the optical device linked to two or more optical 
waveguides and those optical waveguides in low loss few. 

[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 1/21/2006 



r 

JP,07-1 1041 5,A [TECHNICAL FIELD] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to the optical waveguide for connecting optical I/O with 
an optical device. 



[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] Drawing 12 is what showed the connection structure of the conventional 
general optical waveguide and an optical fiber, and used the approach of comparing the core 3 of optical 
waveguide, and the core 6 of an optical fiber directly. 



[Translation done.] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, in the I/O section of the optical waveguide linked to an 
optical device, by preparing the spot-size transducer which enlarges spot size of the light of optical 
waveguide, precision of the alignment of optical waveguide and an optical device is made loose, and it 
becomes possible to connect dispersion in again loss of the optical device linked to two or more optical 
waveguides and those optical waveguides in low loss few. 



[Translation done.] 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, when using the above-mentioned connection 
method, the spot size of the light of optical waveguide and an optical fiber is as small as about 1 0 
micrometers, and in order to make low loss connection, it needs highly precise alignment. Moreover, in 
connecting 2 or more sets of optical waveguides and optical fibers, it uses what aligned the optical fiber 

2 at a V groove substrate 13 like drawin g 13 . In order to make loss by connection small at this time, 
spacing of the core 6 of an optical fiber 2 and the core of optical waveguide other than the highly precise 
alignment described previously must not be made equal, and dispersion must not be in spacing further. 
Therefore, although what has a good precision is required, even if V groove 14 is difficult to produce 
and it can produce it in fact, it will become what has a high price. Moreover, dispersion arose at spacing 
of the core 6 of an optical fiber 2 further by the relief in the case of immobilization in V groove 14 of an 
optical fiber 2 etc., and connection loss was enlarged, and there were the degree of the said heart of the 
core 6 to the magnitude of the clad 8 of an optical fiber 2 or the appearance of a clad 8, its dispersion, 
and a trouble that dispersion in loss arose in the connection of each optical waveguide and optical fiber. 
[0004] In order that this invention may solve such a technical problem, in connection of optical 
waveguide and an optical device, by enlarging spot size of the light in the I/O section of optical 
waveguide, precision of alignment is made loose and it aims at offering the optical waveguide which can 
make still low loss connection. 
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MEANS 



[Means for Solving the Problem] The 1st invention for attaining such a purpose is optical waveguide 
characterized by preparing the spot-size transducer which enlarges spot size of the light of said optical 
waveguide in the I/O section of the optical waveguide linked to an optical device. 
[0006] The 2nd invention is a connection method using the optical waveguide of the 1st invention in 
connection of the optical device linked to two or more optical waveguides and these optical waveguides. 

[0007] The 3rd invention is the optical waveguide of the 1st invention and the connection method of an 
optical fiber which are characterized by preparing the spot-size transducer which enlarges spot size of 
light in the I/O section of said optical fiber, using an optical fiber as an optical device. 
[0008] The 4th invention is optical waveguide characterized by the structure which prepared one or 
more cores for association which made the refractive index small more greatly [ so that the core for 
propagation which makes light spread within optical waveguide may be touched / cross section / of a 
core ] than said core for propagation in the I/O section of the optical waveguide of the 1st invention. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje 



11/21/2006 



JP.07-1 104 15, A [OPERATION] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



OPERATION 



[Function] By enlarging spot size of the light in the I/O section of optical waveguide, this invention 
makes precision of alignment with an optical device loose, and becomes possible [ connecting 
dispersion in again loss of the optical device linked to two or more optical waveguides and those optical 
waveguides in low loss few ]. 
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EXAMPLE 



[Example] Drawing 1 is the perspective view showing the 1 st example of this invention, and drawin g 2 
is the perspective view of the core in the optical waveguide of the 1st example. Using what expanded the 
core 6, the optical fiber 2 is constituted so that a core may become large, as the core 3 in the optical 
waveguide substrate 1 also goes to the I/O end face 9 of optical waveguide. The limb 7 of the core of 
this optical fiber is diffused by heating from the outside the matter doped by the core 6, in order to raise 
a refractive index rather than a clad 8, it enlarges a core 6, and expands the spot size of the light of an 
optical fiber. On the other hand, the limb 4 of the core of optical waveguide is possible by carrying out 
thermal diffusion of the dope matter in a core 3 like an optical fiber. Moreover, although the flame 
depositing method is used as a method of producing optical waveguide in quartz system optical 
waveguide, by adjusting the injection quantity of the raw material particle of the quartz system which 
forms a core in that case, the configuration of a core can be changed in the thickness direction and the 
spot size of the light of optical waveguide can be expanded. The connection loss which does not almost 
have connection loss according [ become connectable, and ] to a location gap of the limb 7 of the core of 
an optical fiber and the limb 4 of the core of optical waveguide since spot size is still larger becomes 
small compared with the case where spot size is not expanded, by making spot size of each light of an 
optical fiber and optical waveguide into the same magnitude. 

[001 1] Drawing 3 is drawing having shown the connection loss over a location gap of the core of optical 
waveguide and an optical fiber. When spot size is expanded to 20 micrometers twice from 10 
micrometers, it is allowed to a twice as many location gap as this to a certain loss value. Moreover, 
connection loss will become smaller if it is the same amount of location gaps. 

[0012] Drawing 4 is the perspective view of the core in the optical waveguide of the 2nd example of this 
invention, and drawing 5 is the vertical cross section of the 2nd example. They are the refractive index 
nO of a clad 5, and the refractive index nl of the core 10 for propagation so that the effective refractive 
index of the light which spreads the core 10 for propagation, and the effective refractive index of the 
light which spreads the core 1 1 for association may become equal, using the form of a directional 
coupler as structure of expanding spot size of the light of optical waveguide. It receives and is the 
refractive index n2 of the core 1 1 for association. It chooses. By it, it moves to the small core 10 for 
propagation of a core efficiently, and the light inputted into the large core 1 1 for association of a core in 
the bond length L determined in each refractive index, the magnitude of a core, and the distance between 
cores becomes it convertible [ spot size ]. 

[0013] Drawing 6 is the perspective view of the core in the optical waveguide of the 3rd example of this 
invention, and drawing 7 is the sectional view where the vertical cross section and (b) are horizontal 
sectional views, and (a) of the 3rd example all included the core of the core 10 for propagation. The 
cross section of a core is a refractive index n2 more greatly than the core 10 for propagation in the form 
surrounding the core 10 for propagation which makes light spread in the I/O section of the light of 
optical waveguide. n0<n2 <nl It is a refractive index n3 so that the becoming core 1 1 for association 
may be formed and the core 1 1 for association may be surrounded further. nO <n3 <n2 The becoming 
core 12 for association is formed. Moreover, in the part with which the core 10 for propagation and the 
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core 1 1 for association are in contact, the cross section of the core 1 1 for association has similarly the 
structure which becomes small gradually in the part with which it became gradually small as the cross 
section of the core 10 for propagation went to the I/O end face 9, and the core 1 1 for association and the 
core 12 for association are in contact. By using above refractive indexes and structures, the light inputted 
into the core 12 for association passes along the core 1 1 for association, making spot size of light small 
gradually, and it moves from it to the core 10 for propagation. Consequently, spot size is [ loss ] 
convertible few. 

[0014] Drawing_8 is the perspective view of the core in the optical waveguide of the 4th example of this 
invention. The core 1 1 for association is formed so that the core 10 for propagation may be surrounded 
like the 3rd example, but it is constituted so that the core of the core 10 for propagation and the core 1 1 
for association may be mostly in agreement. Thus, the light inputted into the core 1 1 for association is 
more movable to low loss at the core 10 for propagation by taking the structure of having symmetric 
property about a perpendicular direction horizontally similarly. 

[001 5] Drawing 9 is the perspective view of the core in the optical waveguide of the 5th example of this 
invention. The core 1 1 for association consists of the 3rd and 4th example so that the top face of the core 
1 0 for propagation and a side face may be surrounded, but even if it uses the structure where the top face 
(or an inferior surface of tongue, a side face) of the core 10 for propagation and the inferior surface of 
tongue (or a top face, a side face) of the core 1 1 for association touch like the 5th example, spot-size 
conversion is possible. 

[0016] Drawing 10 is the perspective view of the core in the optical waveguide of the 6th example of 
this invention, the [ 3rd ] - in the 4 5th example, although magnitude of the thickness direction of a core 
was made into uniform structure, as shown in drawing, the thickness of the core 10 for propagation may 
also be changed. For example, when producing quartz system optical waveguide by the flame depositing 
method, it becomes possible by adjusting the injection quantity of the raw material particle of the quartz 
system which forms a core. 

[0017] Drawing J A is the perspective view of the core in the optical waveguide of the 7th example of 
this invention. Refractive-index distribution of the cross section to the propagation direction of light 
changes continuously to the propagation direction by changing the configuration of the core 1 1 for 
association, as shown in drawing. Thereby, the effective refractive index of light also changes 
continuously and the reflection accompanying a discontinuous change of a refractive index stops being 
able to happen easily. 

[0018] Although the core 1 1 for association is illustrating only one in the above example [ 4th, 5th, 6th, 
and 7th ], two or more can also be made into a certain structure. Moreover, although the configuration is 
changing in the shape of a straight line with the structure where a core becomes small gradually, if it 
becomes small gradually, it can also consider as the structure of changing rounded. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[D rawin g 1] It is the perspective view of the 1st example of this invention. 

[Drawing^] It is the perspective view of the core in the optical waveguide of the 1st example of this 
invention. 

[Drawing 3] It is drawing having shown the connection loss by location gap of the core of optical 
waveguide and an optical fiber. 

[Drawing 4] It is the perspective view of the core in the optical waveguide of the 2nd example of this 
invention. 

[Drawing 5] It is the vertical cross section of the 2nd example of this invention. 

[Drawing 6] It is the perspective view of the core in the optical waveguide of the 3rd example of this 

invention. 

[Drawings!] About the 3rd example of this invention, (a) is the vertical cross section and (b) is a 
horizontal sectional view. 

[Drawing.8J It is the perspective view of the core in the optical waveguide of the 4th example of this 
invention. 

[Drawing 9] It is the perspective view of the core in the optical waveguide of the 5th example of this 
invention. 

[Drawing 10] It is the perspective view of the core in the optical waveguide of the 6th example of this 
invention. 

[Drawing 1 1 ] It is the perspective view of the core in the optical waveguide of the 7th example of this 
invention. 

[Drawing 12] It is connection structural drawing of optical waveguide and an optical fiber by the 
conventional technique. 

[DrawingJJ] It is the I/O end view of the V groove for alignment of an optical fiber. 
[Description of Notations] 

1 Optical Waveguide Substrate 

2 Optical Fiber 

3 Core of Optical Waveguide 

4 Limb of Core of Optical Waveguide 

5 Clad of Optical Waveguide 

6 Core of Optical Fiber 

7 Limb of Core of Optical Fiber 

8 Clad of Optical Fiber 

9 I/O End Face of Optical Waveguide 

10 Core for Propagation 
1112 Core for association 

1 3 V Groove Substrate 

14 V Groove 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 





[Drawin g 3] 
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[Drawing 4] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



11/21/2006 



JP,07-1 10415.A [DRAWINGS] 



Page 2 of 3 




[Drawing 5] 
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[Drawing 7] 




[Drawing 9] 




[Drawing 10] 
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